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The kaon electroproduction reaction 1 H(e,e'K + )A was studied as a function of the virtual-photon 
four-momentum, Q 2 , total energy, W, and momentum transfer, t, for different values of the virtual- 
photon polarization parameter. Data were taken at electron beam energies ranging from 3.40 to 
5.75 GeV. The center of mass cross section was determined for 21 kinematics corresponding to Q 2 
of 1.90 and 2.35 GeV 2 and the longitudinal, ol, and transverse, <xt, cross sections were separated 
using the Rosenbluth technique at fixed W and t. The separated cross sections reveal a flat energy 
dependence at forward kaon angles not satisfactorily described by existing electroproduction models. 
Influence of the kaon pole on the cross sections was investigated by adopting an off-shell form factor 
in the Regge model which better describes the observed energy dependence of o~t and ol- 



PACS numbers: xxxxx 

Understanding the structure of nuclei and the inter- 
action between nucleons in terms of sub-nucleonic de- 
grees of freedom (quarks and gluons) is the goal of 
intermediate-energy nuclear physics. The advantage of 



electron scattering is that the one-photon exchange is a 
good approximation and can be calculated precisely [H. 
This allows factorization of the electron and hadron dy- 
namics in the electroproduction cross section. It is gen- 
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erally accepted that at four momentum transfers, Q 2 > 1 
GeV 2 , the virtual photon probes the sub-nucleonic struc- 
ture of the hadron (see e.g. [2j). Electron beams in the 
energy range used at the Thomas Jefferson National Ac- 
celerator Facility (JLab) therefore can access the sub- 
nucleonic structure of hadrons. However, these ener- 
gies probe only nonperturbative aspects of QCD. In the 
nonperturbative region, effective hadronic models play 
an essential role and experimental testing is crucial in 
understanding the underlying physics of hadron elec- 
troproduction. The JLab program on electromagnetic 
strangeness production is of particular interest due to 
the presence of the additional strange flavour degree 
of freedom. High-precision data from experiments on 
kaon electroproduction[3|,|4jlet current models (e.g. the 
Saclay-Lyon [f| and ReggeQ models) be refined (fitting 
parameters and revising underlying assumptions). 

The cross section of the exclusive 1 H(e,e'K + )A re- 
action with unpolarized electrons can be expressed in 
terms of the 7* + p — > K + + A virtual photoproduction 
binary-process cross section as: 

d 5 <? _ da(r,K) () 

dE' e dn e dn K dn K 

r being the virtual photon flux. 

In turn, the center-of-mass virtual photoproduction 
cross section can be expressed via four separated cross 
sections: 



— —- 1 — - = (T T +e(T L +e(TTT cos2$+\/2e(e + 1)<t lt cos$ 
diiK 

(2) 

where e = 1/[1 + 2|^ 2 /Q 2 tan 2 (i? e /2)] is the photon po- 
larization parameter, and $ is the angle between the 
leptonic plane (defined by the incoming and outgoing 
electrons), and reaction plane (defined by the virtual- 
photon and kaon 3- momenta). 

The terms in eq. ([2]) correspond to the cross section for 
transverse (or), longitudinal (07, ), transverse-transverse 
interference (cttt) and longitudinal-transverse interfer- 
ence (<tlt) kaon production by virtual photons. They 
only depend on the variables Q 2 (= — q 2 , the squared 
virtual-photon 4- momentum), W (the photon- nucleon 
center of mass energy) and t (the squared 4-momentum 
transfer to the kaon). 

In "parallel" kinematics (the virtual-photon and kaon 
3-momenta are parallel), the interference terms vanish, 
allowing the separation of the longitudinal and trans- 
verse parts with the Rosenbluth technique. 

The results from the E98-108 experiment Q in Hall A 
at Jefferson Lab presented in this letter provide new in- 
formation on the behavior of the separated cross sections 
of the 1 H(e, e'K + )A exclusive reaction in an unexplored 
region of Q 2 , W, and t where no separations have been 
performed. 

The E98-108 data were taken using the JLab continu- 
ous electron beam with currents as high as 100 ^A. The 
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FIG. 1: Electron-hadron coincidence time spectra with dif- 
ferent aerogel-counter based hadron selection. See the text 
for further explanation. 



beam was scattered off a 15 cm, cryogenic liquid hydro- 
gen target (LH2). Background distributions from the 
aluminum windows were obtained from an empty target 
cell replica. The scattered electrons and kaons were de- 
tected in coincidence in two High Resolution Spectrom- 
eters (HRS) [§] . The HRSs can achieve a momentum res- 
olution of 2 x 10 -4 and an angular resolution of about 
2 mrad. 

To perform particle identification (PID) of the knock- 
out kaons, two new aerogel detectors 8, 9,ilJ]j], were built 
and installed in the hadron arm to provide kaon iden- 
tification in the measured range of momenta, from 1.7 
to 2.6 GeV/c. The counter with lower refractive index 
(n=1.015) detected pions, while the higher index counter 
(n=1.055) detected both pions and kaons. Information 
from the two detectors was combined to identify pions, 
kaons and protons. Figure fT] shows the coincidence time 
spectrum between the electron and hadron arm. With- 
out any PID cut the spectrum is dominated by protons 
(identified by neither aerogel firing) and pions (identi- 
fied by both aerogels firing), kaons amounting only to a 
small fraction of the produced hadrons. The exploded 
part, showing kaon events (identified by the first detec- 
tor not firing and the second detector firing), shows the 
kaon peak and the suppression of the pion peak. A frac- 
tion of protons leak through the selection by producing 
Cherenkov light via electron knock-on processes. 

Figure [5] shows the reconstructed mass, M x , of the 
unobserved baryon in the 1 H(e,e'K + ) reaction, in this 
case either a A or a S° hyperon. Accidental coincidences 
were subtracted using a side-band in the timing window. 
The present analysis is limited to the exclusive K + -A 
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production channel, e.g. 1105.0 < M x < 1155.0 MeV/c 2 
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FIG. 3: Separated cross sections from this experiment (full 
circle) and |4( (squares) as a function of Q 2 at W = 1.84 GeV 
and zero kaon scattering angle in comparison with predictions 
of the models (see the text for discussion of the curves) . The 
photoproduction point (full square) is from Ref. [lf|. 



FIG. 2: A and £ missing mass spectra obtained at Q 2 = 
GeV 2 . The region of integration is highlighted. 
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Kaon electroproduction was measured at 21 differ- 



ent kinematic settings. The , F , j n " ^ cross section 
was determined by comparing the measured yield (cor- 
rected for detector inefficiencies) with the simulated yield 
from the Monte Carlo for (e,e'p) reactions (MCEEP) 
program[llj , extended to kaon electroproduction. MCEEP 
also was used to determine the correction for kaon sur- 
vival (which varied between 15-27%) and the radiative 
correction (which varied between 1.04 and 1.12). MCEEP 
uses a model for kaon electroproduction based on [lj] 
updated as in [13J to account for cross section variation 
across the kinematic acceptance and to extract both the 
acceptance averaged and point acceptance rfo ^^ . 

The separation of the longitudinal and transverse cross 
sections was done using the point cross sections for kaons 
detected along the direction of the virtual photon at dif- 
ferent values of the virtual photon polarization parame- 
ter e, but keeping Q 2 , W and t simultaneously constant 
(e.g., a Rosenbluth separation). The 1 H(e, e'K + )A cross 
sections are reported in Table I. The systematic uncer- 
tainties associated with the cross sections are presented 
in Tablc[TTJ The total systematic uncertainty in the cross 
section amounts to 2.8%. Details of the analysis are in 

The experiment provides the first good quality sep- 
arated transverse and longitudinal cross sections as a 
function of energy. In the studied kinematical region 
the cross sections reveal a flat and almost constant en- 
ergy dependence suggesting a quite steep rise of the cross 
sections in the threshold region. The longitudinal cross 
sections are evidently (due to their relatively small er- 
ror bars) non zero in agreement with the rise of ctl as a 



function of energy observed by [H for smaller Q 2 . The 
data are also consistent with those by (3, see Fig.rj 

The data are shown in FigsJS] and 2] compared to 
the isobar Saclay-Lyon (SLA) @ and Regge (RM) Q 
model calculations. Both models systematically under- 
predict <7t , but give the flat energy dependence observed 
(Fig. [4j). The models give different results for ctl- The 
RM model reproduces the Q 2_ dependence of ctl but not 
the flat energy dependence seen in Fig. d]b and d. The 
new data provide information necessary to refine the 
models and understand the dynamics of the process. A 
similar inability of the current models to describe recent 
data was also shown in Ref. Q. 

The flat energy dependence of the cross sections at 
forward kaon angles suggests the reaction mechanism is 
dominated by the non-resonant i-channel contribution 
seen also in photoproduction 1(| T3]- The Regge model 
was modified to take into account possible off-mass-shell 
effects by assuming a more complex phenomenological 
prescription for the electromagnetic form factors of the 
exchanged K and K* mesons: 

F X (Q 2 , t) = A 2 /(A 2 + Q 2 ) + c x (m 2 x - t)Q 2 /(A 2 x + Q 2 ) 2 

(3) 

(x = K and K*). A 2 K = 0.7 (GeV/c) 2 and A 2 -, = 0.6 
(GeV/c) 2 were fixed to reproduce mean-square electro- 
magnetic charge radii of both mesons from previous low 
Q 2 data on the kaon form factor [l8j]. 

The second term in eq. ((3]) is the off-mass-shell first- 
order correction in t near the pole. The prescription does 
not violate gauge invariance since in the RM the basic 
operator being multiplied by the off-shell form factor is 
already gauge invariant Q. 

The parameters c x were fit to c x — 0.87 and 0.79 for 
K and K*, from a least square fit to the new data and 
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TABLE I: Unseparated and separated transverse and longitudinal cross sections for the p(e, e'K + )A reaction as measured in 
E98-108 experiment. Eo is the beam energy. Errors are statistical for the unseparated and total (statistical and systematical 
combined in quadrature) for separated cross sections. 
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TABLE II: Systematic uncertainties for the E981-08 experi- 
ment. 



Detector /Variable 


Systematic Uncertainty (%) 


Beam energy 


0.12 


Al efficiency 


0.57 


Scintillator efficiencies 


1.33 


VDC efficiency 


1.97 


A 2 efficiency 


0.87 


Charge 


0.3 


LEh target density 


0.2 


Spectrometer acceptance 


0.8 


Background subtraction 


0.3 


Kaon absorption 


0.1 


Quadrature sum 


2.8 



[4J. [Note, using only [4J in fitting c x gives a poor result 
showing the impact of the new data.] Results of the mod- 
ified Regge model (fitRM) are shown in Figs. [3] and [4] by 
solid lines. The off-shell form factors provide both proper 
normalization and better energy dependence of the cross 
sections. The flatter <3 2 -dependence of <jt is described 
by fitRM, especially for large Q 2 , but the known inability 
of RM to describe photoproduction cross sections below 
3 GeV [3 [l7| is shown by the photoproduction point 
in Fig. [3l The ratio ctl/ot has the proper decreasing 



Q 2 -dependence in fitRM like RM0, although the ratio 
depends on the form factors now. Improvement in the 
energy dependence for both ot and <tl is also apparent 
in Fig. [U 

In summary, new measurements of the longitudinal 
and transverse separated cross sections for the 1 H(e, e'K + )A 
reaction at Q 2 = 1.9 and 2.35 GeV/c 2 have been ob- 
tained. These new data are in agreement with previous 
measurements and extend the region for which the sepa- 
rated cross sections are available. The data reveal a flat 
energy dependence for both longitudinal and transverse 
cross sections and put important constraints on models 
for kaon electroproduction. 

Using the new and previous [3] data on the electropro- 
duction of kaons we refined the Regge model by including 
phenomenoloigcal off-shell corrections. 

Results show the reaction mechanism at forward kaon 
angles and non zero Q 2 can be described solely by the 
t-channel exchanges and that the off-shell form factors 
are important to describe the observed flat energy de- 
pendence, especially for gl- The used trajectory form 
factors, if interpreted as the form factors of the K + and 
K* mesons, provide proper values of the mean-squared 
electromagnetic radii and the kaon form factor is consis- 
tent with the low-Q 2 data. 
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FIG. 4: Energy dependence of separated cross sections from this experiment in comparison with predictions of models as in 
FigEJfor Q 2 — 1.90 GeV, (a) and (b), and 2.35 GeV, (c) and (d), and zero kaon angle. 
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